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(57) ABSTRACT

A bonding method that provides excellent conductivity and
bonding between a piezoelectric body and a metal plate
includes a metal plate and an electrode of a piezoelectric body
bonded to one another with an electrically conductive adhe-
sive so as to provide electrical conductivity, the electrically
conductive adhesive includes carbon black with a nano-level
average particle size, and has a paste form included in a
solventless or solvent-based resin so that the carbon black
forms an aggregate with an average particle size of about 1 um
to about 50 pum. The electrically conductive adhesive is
applied between the metal plate and the electrode of the
piezoelectric body, and the metal plate and the piezoelectric
body are subjected to heating and pressurization so that the
carbon black aggregate is deformed, thereby hardening the
electrically conductive adhesive.

7 Claims, 4 Drawing Sheets

[ P

2

1w




US 9,276,194 B2

Page 2
(51) Int.CL (2013.01); HOI G 9/0032 (2013.01); HOIG
C09J 11/06 (2006.01) 9155 (2013.01); HOIL 41/0973 (2013.01);
C09J 9/02 (2006.01) YI0T 29/42 (2015.01); Y10T 29/49005
C09J 11/04 (2006.01) (2015.01); YI0T 29/49126 (2015.01)
FO4B 45/047 (2006.01)
HOIL 41/047 (2006.01) (56) References Cited
HOIL 41/29 (2013.01)
HOIG 9/00 (2006.01) U.S. PATENT DOCUMENTS
COSK 3/04 (2006.01)
COSK 7/16 (200601) 6,072,692 A * 6/2000 Hiratsuka etal. .. HO01G 9/155
HO1L 4]/09 (200601) 8,492,959 B2 * 7/2013 Kltayama etal. ... C09J9/02
(52) U.S.CL 3107324
CPC ..., COSK 7/16 (2013.01); COSK 2201/011  * cited by examiner



U.S. Patent Mar. 1, 2016 Sheet 1 of 4 US 9,276,194 B2

FIG. 1

PRIOR ART
2 4 3

FIG. 2A
PRIOR ART

FIG. 2B
PRIOR ART

FIG. 2C
PRIOR ART

FIG. 2D
PRIOR ART 5 T3




U.S. Patent Mar. 1, 2016 Sheet 2 of 4 US 9,276,194 B2




U.S. Patent

Mar. 1, 2016 Sheet 3 of 4 US 9,276,194 B2
FIG. 4A
60
55
@ 50
©
T 45 1
=
0 40
Sl
2 35 \
L
25 L 1 1 i : I L L ?
0 1 234546789101
AGGREGATE SIZE (um)
FIG. 4B
35
E
2 30 »
% /
0 25
Z
: /
£ /
l_
ITRRY R SS— J—
>
[92]
‘10 f
[m]
E 4
5 /
0 1 1
4] 50 100 150
AGGREGATE SIZE (um)
RESISTANCE
FIG. 5




U.S. Patent Mar. 1, 2016 Sheet 4 of 4 US 9,276,194 B2

A DISPERSED A
CARBON BLACK
L
& o
Q Z
s e
O 2
X @ ALLOWABLE LINE L2
r AGGREGATED x
|>_' CARBON BLACK i
— se " E
[¢2] P
Q / et ALLOWABLE o .. DISPERSED
9 RTTLY LINE L1 *»,CARBON BLACK
S AGGREGATED
_ CARBON BLACK
ADDITIVE AMOUNT OF CARBON ADDITIVE AMOUNT OF GARBON

FIG. 7




US 9,276,194 B2

1

BONDING METHOD FOR BONDING METAL
PLATE AND PIEZOELECTRIC BODY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a bonding structure for a
metal plate and a piezoelectric body, such as a piezoelectric
vibration plate for use in a driver of a piezoelectric microb-
lower or other suitable piezoelectric device, and a bonding
method therefor.

2. Description of the Related Art

Piezoelectric microblowers have been known as blowers
for effectively releasing heat produced in housings of por-
table electronic devices, or as blowers for supplying oxygen
required for the generation of electricity in fuel cells (see, for
example, WO2008/069266). The piezoelectric microblower
refers to a kind of pump using a vibration plate which pro-
duces a bending vibration by applying a voltage, and has the
advantages of having a simple structure, being able to be
configured to have a small and thin size, and providing low
power consumption.

FIG. 1 shows an example of a vibration plate for use in a
piezoelectric microblower. In FIG. 1, a piezoelectric body
(piezoelectric ceramic plate) 2 including electrodes 3, 4 on
front and back sides thereof is bonded onto a metallic dia-
phragm 1. One electrode 3 and the diaphragm 1 are electri-
cally connected to each other. When a predetermined alter-
nating-current voltage is applied between the diaphragm 1
and the electrode 4 of the piezoelectric body 2, the entire
vibration plate produces a bending vibration, thereby
enabling it to pump the air. It is to be noted that the vibration
plate is not limited to the piezoelectric body 2 directly bonded
onto the diaphragm 1, and may have various configurations,
such as a vibration plate which has another metal plate
bonded onto the diaphragm 1 and the piezoelectric body 2
bonded thereon, and a vibration plate which has a piezoelec-
tric body 2 bonded onto both of the front and back sides of the
diaphragm 1.

FIGS. 2A to 2C show examples of a bonding structure
between the electrode 3 of the piezoelectric body 2 and the
metal plate 1 (diaphragm).

FIG. 2A is an example of using an adhesive 5 including no
electrically conductive aid, which is intended to provide elec-
trical conduction through contact (ochmic contact) between
the electrode 3 and the metal plate 1 by reducing the adhesive
thickness between the piezoelectric body 2 and the metal
plate 1 to the greatest extent possible.

In FIG. 2B, carbon spheres 6 are added as an electrically
conductive aid to the adhesive 5, thereby providing conduc-
tivity through the carbon spheres 6. The carbon spheres 6 have
a diameter, for example, on the order of 20 um, and the
electrode 3 is not directly connected to the metallic plate 1.

In FIG. 2C, carbon black 7 with an average particle size of
several tens of nm is added as an electrically conductive aid to
the adhesive 5, thereby providing conductivity through the
carbon black 7 in addition to conductivity through contact
between the electrode 3 of the piezoelectric body 2 and the
metal plate 1.

In the case of using the adhesive 5 including no electrically
conductive aid as shown in FIG. 2A, the problem of an
increase in resistance value (a decrease in conductivity) is
caused when the adhesive is swollen in a humidity test after
the bonding. In the case of using the adhesive 5 with the
carbon spheres 6 added thereto as in FIG. 2B, the piezoelec-
tric body 2 is likely to have cracks caused from the carbon
spheres 6, and moreover, the thickness of the adhesive is
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increased, thereby resulting in the problem of degraded vibra-
tion characteristics of the piezoelectric body 2. In addition,
the problem of increased resistance value is caused because of
the contact with the electrode function as point contact, or
because the largest particle functions as a spacer, whereas the
smaller-size particles fail to contribute to electrical conduc-
tion. In the case of using the carbon black 7 with a minute
particle size as in FIG. 2C, the viscosity-thixotropy of the
adhesive is affected significantly by the content of the carbon
black 7, which has the problem ot having an adverse effect on
the workability and application property. Furthermore, the
problem of an increase in resistance value (a decrease in
conductivity) is also caused when the adhesive is swollenina
humidity test after the bonding.

Japanese Patent Application Laid-Open No. 2001-316655
discloses an electrically conductive adhesive which is used
for bonding between an active material layer and a collector
in an energy storage element. This adhesive is an electrically
conductive adhesive in a paste form, which includes carbon
powder (for example, carbon black) as an electrically con-
ductive material, a resin as a binding agent, and water as a
solvent, in which primary particles of the carbon powder have
a weight-average particle size in the range of S nm to 100 nm,
the amount of the carbon powder falls within the range of 5
weight % to 50 weight % with respect to the total amount of
the carbon powder and resin, and the moisture content of the
electrically conductive adhesive in the paste form is supposed
to fall within the range of 70 weight % to 95 weight %.

FIG. 2D shows an example of a bonding structure using the
electrically conductive adhesive disclosed in Japanese Patent
Application Laid-Open No. 2001-316655. As in the case of
FIG. 2C, the carbon black 7 is added as an electrically con-
ductive aid to the adhesive 5, thereby providing conductivity
through the carbon black 7 without direct electrical conduc-
tion between the electrode 3 and the metal plate 1. Since a
larger amount of carbon black 7 is added than in FIG. 2C, the
conductivity is believed to be improved more than in FIG. 2C.

However, when the carbon black 7 having a particle size of
5 nm to 100 nm is contained in the resin in a large amount of
weight % to 50 weight %, the viscosity or thixotropy of the
adhesive is greatly increased so as to adversely affect the
application stability (variations in the amount of application,
leveling properties after the application). Therefore, this
problem is solved by water (70 weight % to 95 weight %)
included in the paste in Japanese Patent Application Laid-
Open No. 2001-316655. For this reason, it is not possible to
solve the problem described in the case of a reaction system
(such as an epoxy resin) which does not use water. In addition,
the larger content of the carbon black 7 relatively reduces the
amount of resin, thus decreasing the adhesion. Furthermore,
the large amount of water included as a solvent provides a
porous formation when the adhesive is hardened, thereby
resulting in the problem of making the adhesive more likely to
be swollen by absorption of water, and thus, lacking long-
term reliability.

SUMMARY OF THE INVENTION

To overcome the problems described above, preferred
embodiments of the present invention provide a bonding
structure and a bonding method which have excellent con-
ductivity and bonding property between a piezoelectric body
and a metal plate.

A preferred embodiment of the present invention provides
a bonding structure that preferably includes a metal plate, a
piezoelectric body including an electrode on the side opposed
to the metal plate, and an electrically conductive adhesive
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including carbon black as an electrically conductive aid, and
bonding the metal plate and the electrode of the piezoelectric
body so as to have electrical conductivity, wherein the elec-
trically conductive adhesive before hardening includes car-
bon black with a nano-level average particle size, and is a
paste included in a solventless or solvent-based resin so that
the carbon black provides an aggregate with an average par-
ticle size of about 1 um to about 50 um, for example, and
wherein the bonding structure is configured by applying the
electrically conductive adhesive in the paste form between the
metal plate and the electrode of the piezoelectric body, sub-
jecting the metal plate and the piezoelectric body to heating,
and pressurization to deform the carbon black aggregate, and
hardening the electrically conductive adhesive.

Another preferred embodiment of the present invention
provides a bonding method in which a metal plate and a
piezoelectric body including an electrode on the side opposed
to the metal plate are bonded to each other via an electrically
conductive adhesive including carbon black as an electrically
conductive aid, so as to have electrical conductivity between
the metal plate and the electrode of the piezoelectric body,
and the bonding method preferably includes the steps of
applying the electrically conductive adhesive in a paste form
between the metal plate and the electrode of the piezoelectric
body, which includes carbon black with a nano-level average
particle size, and is included in a solventless or solvent-based
resin so that the carbon black forms an aggregate with an
average particle size of about 1 um to about 50 pm, for
example, and after applying the electrically conductive adhe-
sive, subjecting the metal plate and the piezoelectric body to
heating and pressurization to deform the carbon black aggre-
gate, and hardening the electrically conductive adhesive.

The electrically conductive adhesive preferably includes
carbon black with a nano-level average particle size, and is a
paste included in a resin so that the carbon black forms an
aggregate with an average particle size of about 1 pm to about
50 um, for example. The aggregate refers to primary particles
of the carbon black bonded by an intermolecular force or
other relevant force to provide a cluster with an average
particle size of about 1 pum or more, for example. Therefore, as
compared to the same amount of carbon black included in a
dispersed state in a resin, the viscosity or thixotropy of the
adhesive is much less affected, thereby resulting in improved
workability and application property. The aggregate itselfhas
no rigidity, and is deformed to follow a concavity and a
convexity of the metal plate and piezoelectric body when the
metal plate and the piezoelectric body are subjected to heat-
ing and pressurization. Thus, conductivity can be provided
with less damage to the piezoelectric body and without sig-
nificantly contributing to an increase in the thickness of the
adhesive. The electrical conductivity between the metal plate
and the piezoelectric body can preferably be achieved by not
only the electrical conduction through the carbon black, but
also by direct contact between the metal plate and the elec-
trode of the piezoelectric body, thus providing a higher elec-
trical conductivity (lower resistance value).

The average particle size in preferred embodiments of the
present invention can preferably be obtained by, for example,
capturing a SEM image of powder, applying binarization
processing to the obtained image to obtain the area of the
powder, and converting the area into circles with a diameter.
Itis possible to capture SEM images of both primary particles
and secondary particles.

The particle size of the aggregate preferably has a lower
limit size of about 1 um, for example, because the size less
than about 1 um greatly increases the resin viscosity, and on
the other hand, the upper limit size of greater than about 50
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um makes the size of the aggregate larger than the concavity
and convexity at the surfaces of the metal plate and electrode,
thus increasing the thickness of the adhesive. Therefore, the
upper limit size is preferably about 50 um, for example.

In a preferred embodiment of the present invention, the
carbon black is preferably hardened while remaining as the
aggregate rather than in a dispersed state, and thus, the metal
plate and the electrode of the piezoelectric body can be elec-
trically connected to each other in the dispersed state in island
shapes (anisotropic electrical conductivity), rather than elec-
trical conduction over the entire surface (isotropic electrical
conductivity) as in the case of an electrically conductive
adhesive using conventional carbon black. More specifically,
while conductivity is provided in the direction in which the
metal plate is opposed to the electrode, no conductivity is
provided in the planar direction. This anisotropically conduc-
tive structure greatly improves the contact probability of the
carbon black spectacularly, as compared to a case in which
the same or substantially the same amount of carbon black in
provided a dispersed state, thereby enabling a higher conduc-
tivity (lower resistance value) to be achieved. Furthermore,
when the piezoelectric body is bonded to the metal plate, a
fillet is formed by the electrically conductive adhesive around
the piezoelectric body, and there is a possibility that short-
circuiting may be caused if the fillet partially wraps around
the upper electrode of the piezoelectric body. The electrically
conductive adhesive according to various preferred embodi-
ments of the present invention has anisotropic electrical con-
ductivity, and thus, effectively and securely prevents this
short-circuiting.

While the electrically conductive adhesive according to
various preferred embodiments of the present invention may
preferably be any solventless or solvent-based electrically
conductive adhesive, at least electrically conductive adhe-
sives using a water-based solvent are excluded. The solvent-
less electrically conductive adhesive refers to an electrically
conductive adhesive including carbon black thatis added to a
liquid resin, whereas the solvent-based electrically conduc-
tive adhesive refers to an electrically conductive adhesive
including carbon black that is added to an organic solvent in
which a polymer is dissolved. Solventless resins include, for
example, an epoxy resin, whereas solvent-based resins
include, for example, an acrylic resin. In each case, the hard-
ened state is not porous, is less likely to cause swelling of the
adhesive due to absorption of water in terms of long-term
reliability, and is free of the problem of decrease in conduc-
tivity.

The carbon black included in the electrically conductive
adhesive preferably has a nano-level average particle size,
and is preferably, for example, carbon black with an average
particle size of about 5 nm to about 300 nm, for example. The
carbon black is added to the resin so that primary particles of
the carbon black preferably form an aggregate with an aver-
age particle size of about 1 um to 50 pum, for example, in the
resin. Therefore, an appropriate dispersing/kneading treat-
ment is preferably performed so that the carbon black forms
an aggregate with an intended particle size in the resin.

The metal plate and the electrode of the piezoelectric body
are preferably subjected to pressurization so that the distance
between the metal plate and the electrode is less than the
average particle size for the aggregate. More specifically, the
distance between the metal plate and the piezoelectric body is
preferably less than the average particle size for the aggregate
in the electrically conductive adhesive in the paste form. This
distance sandwiches most of the aggregate between the metal
plate and the electrode of the piezoelectric body, thereby
enabling reliable electrical conductivity to be achieved.
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The resin included in the electrically conductive adhesive
is preferably a resin which has a dense composition in a
hardened state, has high weather resistance and heat resis-
tance, and is less likely to undergo swelling even in a humidity
test after bonding. Specifically, the resin may preferably be an
epoxy resin, an acrylic resin, a urethane resin, other suitable
resin, for example.

The amount of the carbon black in the electrically conduc-
tive adhesive is preferably about 1 weight % to about 10
weight % with respect to the total amount of the carbon black
and resin, for example. This low content of the carbon black
reduces the viscosity or thixotropy of the adhesive, thereby
resulting in favorable workability and application property,
and even with the low content of the carbon black, the forma-
tion of the aggregate can provide favorable electrical conduc-
tivity.

As described above, according to various preferred
embodiments of the present invention, the electrically con-
ductive adhesive in a paste form which has the carbon black
added to asolventless or a solvent-based resin so as to form an
aggregate with an average particle size of about 1 pm to about
50 um is preferably used to apply the electrically conductive
adhesive between the metal plate and the electrode of the
piezoelectric body, and the metal plate and the piezoelectric
body are subjected to heating and pressurization to harden the
electrically conductive adhesive. Thus, the aggregate is
deformed so as to follow the concavity and the convexity of
the metal plate and of the electrode of the piezoelectric body,
thereby enabling outstanding conductivity to be provided
with less damage to the piezoelectric body and without sig-
nificantly contributing to the increase in the thickness of the
adhesive. In addition, since favorable electrical conduction is
achieved while the content of the carbon black is reduced, the
absolute amount of the resin can be increased, thereby result-
ing in a decrease in the viscosity or thixotropy of the adhesive,
and in favorable workability and application property, and
favorable adhesion can be achieved between the metal plate
and the piezoelectric body. Furthermore, since the resin does
not include any water, the hardened state is advantageously
not porous, is less likely to cause swelling of the adhesive due
to absorption of water, and thus has a significantly improved
long-term reliability.

The above and other elements, features, steps, characteris-
tics and advantages of the present invention will become more
apparent from the following detailed description of the pre-
ferred embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a known example of a piezoelectric vibration
plate which includes a piezoelectric body bonded to a metal
plate.

FIGS. 2A to 2D are enlarged cross-sectional views illus-
trating conventional bonding structures.

FIGS. 3A and 3B are cross-sectional views of a bonding
structure according to a preferred embodiment of the present
invention before and after heating and pressurization.

FIG. 4A is a diagram showing the relationship between an
aggregate size and an adhesive viscosity, and FIG. 4B is a
diagram showing the relationship between an aggregation
size and an adhesive thickness.

FIG. 5 is a diagram for evaluating the conductivity in the
case of bonding two metal plates with the use of an electri-
cally conductive adhesive.
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FIGS. 6A and 6B are diagrams for comparing the viscos-
ity-thixotropy and series resistance characteristics between a
case of adding dispersed carbon black and a case of adding
aggregated carbon black.

FIG. 7 shows another example of a piezoelectric vibration
plate which includes a piezoelectric body bonded to a metal
plate with an intermediate plate interposed therebetween.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIGS. 3A and 3B show a bonding structure of a piezoelec-
tric vibration plate according to a first preferred embodiment
of the present invention, where FIG. 3A shows the bonding
structure before heating and pressurization and FIG. 3B
shows the bonding structure after the heating and pressuriza-
tion. As inthe case of FIG. 1, a piezoelectric body 2 including
electrodes 3, 4 on both sides thereof is bonded onto a metal
plate 1, such as a diaphragm, with an electrically conductive
adhesive 10 interposed therebetween. The electrically con-
ductive adhesive 10 is preferably a paste including a solvent-
less resin 11 such as, for example, an epoxy resin including
carbon black 12a therein which has an average particle size of
about 5 nm to about 300 nm, and preferably about 5 nm to
about 100 nm, for example, added thereto, and the additive
amount of the carbon black 12« is preferably about 1 weight
% to about 10 weight %, for example, with respect to the total
amount of the carbon black 124 and resin 11. The carbon
black 12a is preferably primarily present in clusters in the
resin 11 so as to form an aggregate 12 with an average grain
size of about 1 um to about 50 um, for example, rather than
present as primary particles in the resin 11. The aggregate 12
refers to primary particles of the carbon black 124 bonded by
an intermolecular force to provide a size of about 1 um or
more, for example.

Before heating and pressurization, as shown in FIG. 3A,
the aggregate 12 is floating in the resin 11, without making
contact with the metal plate 1 or the electrode 3. Therefore,
the metal plate 1 is not electrically connected to the electrode
3. The lower content of the carbon black 124 included in the
electrically conductive adhesive 10 and the larger amount of
the resin 11 reduces the viscosity-thixotropy of the adhesive,
thereby resulting in favorable workability and application
property.

When the metal plate 1 and the piezoelectric body 2 are
subjected to heating and pressurization, the aggregate 12 is
deformed so as to follow the concave-convex surfaces of the
metal plate 1 and the electrode 3 as shown in FIG. 3B, and
thus, is sandwiched between the metal plate 1 and the elec-
trode 3. Therefore, the metal plate 1 is effectively and
securely electrically connected to the electrode 3. Since the
carbon black 12¢ is hardened while remaining as the aggre-
gate 12 rather than in a dispersed state, the metal plate 1 and
the electrode 3 of the piezoelectric body 2 are electrically
connected to each other at multiple points in island shapes
(anisotropic electrical conductivity). The electrically conduc-
tive structure with anisotropic conductivity greatly improves
the contact probability of the carbon black 12a, as compared
to a case in which the same amount of carbon black 124 is in
a dispersed state, thereby enabling a higher conductivity (a
lower resistance value) to be achieved.

Inthe case of FIG. 3B, when pressurization is performed so
that the distance d between the metal plate 1 and the piezo-
electric body 2 is less than the average particle size of the
aggregate 12, the metal plate 1 and the electrode 3 can pref-
erably not only be electrically connected to each other with
the aggregate 12 interposed therebetween, but can also be
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directly connected to each other. Therefore, the conductivity
is further improved for the both the metal plate 1 and the
electrode 3. It is to be noted that the distance d between the
metal plate 1 and the piezoelectric body 2 can be obtained as
avalue, in such a way that the region (area) surrounded by the
surface of the metal plate 1 and the electrode 3 of the piezo-
electric body 2 is divided by a predetermined length when the
predetermined length is extracted in the horizontal direction
of FIG. 3B. More specifically, the distance d refers to the
interval between the position of the center line with respect to
the profile curve at the surface of the metal plate and the
position of the center line with respect to the profile curve at
the surface of the electrode of the piezoelectric body.

FIG. 4A shows the relationship between the aggregate size
and the adhesive viscosity, and FIG. 4B shows the relation-
ship between the aggregate size and the adhesive thickness. It
is to be noted that the content of the carbon black was about
3.0 weight %. As shown in FIG. 4A, the particle size of the
aggregate less than about 1 um sharply increases the viscosity
of the adhesive, and the particle size of the aggregate is thus
preferably about 1 pm or more, for example. On the other
hand, as shown in FIG. 4B, the adhesive thickness increases
with the increase in the particle size of the aggregate, and in
particular, the particle size greater than about 50 pum increases
the rate of increase in adhesive thickness, and thus, makes
vibrations of the piezoelectric body less likely to be transmit-
ted to the metal plate, thereby resulting in a degradation of
product characteristics. Therefore, the average particle size of
the aggregate is preferably about 1 um to about 50 um, for
example.

FIG. 5 is a diagram for evaluating the conductivity in the
case of bonding two metal plates 20, 21 with the use of an
electrically conductive adhesive 22. For this evaluation, on
the assumption that the adhesive thickness varies, the metal
plates 20, 21 were bonded with the electrically conductive
adhesive 22 including insulating spacers 23 having a diameter
of about 3 um interposed therebetween, so as to provide a
thickness of about 3 um, and the series resistance was mea-
sured between the metal plates 20, 21. The evaluation results
are shown in Table 1. It is to be noted that the amount of the
components in the adhesive was about 3 weight % for carbon
black and about 97 weight % for an epoxy resin. The carbon
black (primary particles) had an average particle size of about
50 nm, the aggregate had an average particle size of about 5

um, and spherical carbon had a particle size of about 3 um.
TABLE 1

Electrically

Conductive Dispersed  Aggregated Spherical

Adhesive Carbon Free Carbon Carbon Carbon

Series 7500 105 10 100

Resistance (Q)

As is clear from Table 1, when using aggregated carbon
black according to preferred embodiments of the present
invention, the series resistance is dramatically low, as com-
pared to when no carbon black is included, and furthermore,
the resistance value can be reduced to about Yio or less as
compared to when the dispersed carbon black or the spherical
carbon is included. More specifically, the electrical conduc-
tivity is dramatically improved.

FIGS. 6A and 6B are diagrams for comparing the viscos-
ity-thixotropy and series resistance characteristics between a
case in which dispersed carbon black is added and a case in
which aggregated carbon black is added. FIG. 6 A is a diagram
showing the relationship between the additive amount of
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carbon black and the viscosity-thixotropy, where the change
in viscosity-thixotropy is smaller with respect to the additive
amount of carbon in the case of the aggregated carbon black,
as compared to the dispersed carbon black. Therefore, when
an allowable line L1 is set for the viscosity-thixotropy, the
additive amount of carbon can be further increased for the
aggregated carbon black as compared to the dispersed carbon
black. In addition, when a comparison is made with the same
additive amount of carbon, the aggregated carbon black has
lower viscosity-thixotropy, and thus, provides favorable
application stability (variations in the amount of application,
leveling properties after the application) in the step of apply-
ing the adhesive. On the other hand, as shown in FIG. 6B,
there is an inverse relationship between the additive amount
of carbon black and the series resistance, and when a prede-
termined allowable line 1.2 is set, a smaller amount of the
aggregated carbon black achieves a desirable resistance
value. More specifically, the additive amount of the aggre-
gated carbon black can be reduced to a greater extent when
the same viscosity or resistance value is to be achieved.
Therefore, the cost is reduced.

As described above, the advantageous effects of the bond-
ing structure according to preferred embodiments of the
present invention are summarized as follows.

Since the aggregate of carbon black is deformed in a flex-
ible manner, an increase in thickness is less affected by the
adhesive.

Since the aggregate of carbon black is deformed in a flex-
ible manner during bonding by pressurization, damage to the
piezoelectric body is prevented or minimized.

Since the carbon black is present as aggregates (in clus-
ters), the contact probability of the carbon black is greatly
improved, and a higher conductive effect (anisotropic con-
ductivity) is achieved as compared to the case in which the
same amount of carbon black is present in a non-aggregated
(primary particle) state.

Since the electrically conductive adhesive has anisotropic
conductivity in the bonded state, short-circuiting s prevented
even when a fillet formed around the piezoelectric body par-
tially wraps around the electrode at the surface.

The reliability of electrical conductivity is improved
because the flexible deformation of the carbon black aggre-
gate more effectively responds to a swelling adhesive in a
humidity test.

As compared to primary particles of carbon black dis-
persed in a resin, the fluidity of the resin is greater, and the
influence on the viscosity-thixotropy is substantially sup-
pressed.

The bonding structure according to preferred embodiments
of the preset invention is not limited to the structure with the
piezoelectric body 2 directly bonded onto the diaphragm 1 as
shown in FIG. 1, and may be a structure in which a metallic
intermediate plate 8 is bonded on the diaphragm 1 and the
piezoelectric body 2 is bonded thereon as shown in FIG. 7. In
this case, the electrically conductive adhesive 10 according to
a preferred embodiment of the present invention is disposed
between the diaphragm 1 and the intermediate plate 8 and
between the intermediate plate 8 and the piezoelectric body 2,
and because the electrically conductive adhesive 10 is highly
conductive and provides excellent adhesion as described
above, favorable conductivity and bonding properties are
ensured among the electrode 3 of the piezoelectric body 2, the
intermediate plate 8, and the diaphragm 1. In the bonding
structure according to preferred embodiments of the present
invention, the metal plate and the piezoelectric body may
have any suitable shape, such as a disk shape, a quadrangular
plate shape, or an annular shape, for example. The piezoelec-
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tric vibration plate according to preferred embodiments of the
present invention can be used not only for piezoelectric
microblowers for the transportation of compressible fluid
such as air, but also for piezoelectric fans, piezoelectric
micropumps for the transportation of incompressible fluid
such as water, piezoelectric speakers, piezoelectric buzzers,
piezoelectric sensors, and other suitable piezoelectric
devices, for example.

While preferred embodiments of the present invention
have been described above, it is to be understood that varia-
tions and modifications will be apparent to those skilled in the
art without departing from the scope and spirit of the present
invention. The scope of the present invention, therefore, is to
be determined solely by the following claims.

What is claimed is:

1. A bonding method in which a metal plate and a piezo-
electric body including an electrode provided on a side of the
piezoelectric body opposed to the metal plate are bonded to
each other using an electrically conductive adhesive includ-
ing carbon black as an electrically conductive aid, so as to
provide electrical conductivity between the metal plate and
the electrode of the piezoelectric body, the bonding method
comprising the steps of:

applying the electrically conductive adhesive in a paste

form between the metal plate and the electrode of the
piezoelectric body, the electrically conductive adhesive
including carbon black with a nano-level average par-
ticle size, and the electrically conductive adhesive being
included in a solventless or solvent-based resin so that
the carbon black form an aggregate with an average
particle size of about 1 pm to about 50 pm; and

after applying the electrically conductive adhesive, sub-

jecting the metal plate and the piezoelectric body to
heating and pressurization to deform the aggregate, and
hardening the electrically conductive adhesive;
wherein prior to the heating and pressurization, the aggre-
gate is floating in the solventless or solvent-based resin
without contacting the metal plate or the electrode.

2. The bonding method according to claim 1, wherein the

metal plate and the piezoelectric body are subjected to pres-
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surization so that a distance between the metal plate and the
electrode of the piezoelectric body is less than the average
particle size of the aggregate.

3. The bonding method according to claim 1, wherein the
aggregate is deformed so as to follow concave-convex sur-
faces of the metal plate and the electrode.

4. The bonding method according to claim 1, wherein the
electrically conductive adhesive includes the carbon black
with the nano-level average particle size in a range of about 5
nm to about 300 nm.

5. A bonding method in which a metal plate and a piezo-
electric body including an electrode provided on a side of the
piezoelectric body opposed to the metal plate are bonded to
each other using an electrically conductive adhesive includ-
ing carbon black as an electrically conductive aid, so as to
provide electrical conductivity between the metal plate and
the electrode of the piezoelectric body, the bonding method
comprising the steps of:

applying the electrically conductive adhesive in a paste

form between the metal plate and the electrode of the
piezoelectric body, the electrically conductive adhesive
including carbon black with a nano-level average par-
ticle size, and the electrically conductive adhesive being
included in a solventless or solvent-based resin so that
the carbon black form an aggregate with an average
particle size of about 1 um to about 50 um, the aggregate
including only the carbon black; and

after applying the electrically conductive adhesive, sub-

jecting the metal plate and the piezoelectric body to
heating and pressurization to deform the aggregate, and
hardening the electrically conductive adhesive.

6. The bonding method according to claim 5, wherein the
metal plate and the piezoelectric body are subjected to pres-
surization so that a distance between the metal plate and the
electrode of the piezoelectric body is less than the average
particle size of the aggregate.

7. The bonding method according to claim 5, wherein the
aggregate is deformed so as to follow concave-convex sur-
faces of the metal plate and the electrode.
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